Objectives: In this analysis of a cohort of older homeless veterans, we examined psychosocial, health, housing, and employment characteristics to identify predictors of mortality. Method: Our sample of 3,620 older veterans entered Veteran Affairs homeless programs in years [2000][2001][2002][2003]. Fifteen variables from a structured interview described this sample and served as predictors. National Death Index data for years 2000-2011 were used to ascertain death. Survival table analyses were conducted to estimate and plot cumulative survival functions. To determine predictors and estimate hazard functions, Cox proportional hazards regression analysis was conducted. Results: Five variables (presence of a serious health issue, hospitalization for alcohol abuse, alcohol dependency, unemployment for 3 years, and age 60+) were associated with increased risk of death; three (non-White, drug dependency, and dental problems) were associated with reduced risk. A risk score, based on total unit-weighted risk for all eight predictors, was used to identify three groups that were found to differ significantly in mortality. Conclusions: These analyses underline the jeopardy faced by older homeless veterans in terms of early death. We were able to identify several variables associated with mortality; more importantly, we were able to show that a risk score based on status for these variables was significantly related to survival.
2-5 times those of the age-standardized general population. In the United States, the younger homeless population dies disproportionately from external causes of death (suicide, accidental overdoses, and homicide) and infectious diseases, whereas older homeless people die from causes similar to older people in the general population (Fazel, Geddes, & Kushel, 2014) .
Homelessness has long been a public health issue in the U.S. veteran population. Perl's (2014) review of community surveys of veteran homelessness showed that veterans have been overrepresented in homeless populations since the 1980s. In the 2013 national survey of homelessness (US Department of Housing and Urban Development, 2013) veterans comprised 12.3% of all homeless adults, in comparison with only 9.7% of the total U.S. population. The survey's point-in-time calculations provided an estimate of the number of homeless veterans at 55,759, with 34,909 in sheltered (temporary emergency or transitional) sites and 20,870 in unsheltered locations. Over the entire year, 139,857 veterans were estimated as using shelter programs. Detailed estimates and comparisons with U.S. adult census data revealed that homeless veterans are predominantly men (92.2%; U.S. veteran population, 92.7%; U.S. population, 48.3%) and the small majority are non-Hispanic Whites (52.0%; U.S. veteran population, 80.3%; U.S. population, 66%). African American veterans are especially overrepresented (35.5%; U.S. veteran population, 11.0%; U.S. population; 5.7%). The majority of homeless veterans are older. Approximately 55% of the homeless veteran population were over the age of 50 in 2012; 11.1% were aged 62 or older.
Approaches to explanations of homelessness are characterized by two perspectives (Koenig, 1996; Koenig, Burnham, & Baumhol, 2007) : economic structure and individual vulnerability. The structural perspective focuses on the impact of factors such as unemployment rates, poverty levels, inventories of low-cost housing, and economic growth as measured by indices such as the gross domestic product on rates of homelessness in various populations, such as families and minority groups. The individual perspective examines the influence of distal (e.g., childhood homeless and childhood trauma), proximal (e.g., divorce and health crisis), and intra-individual (e.g., mental health, substance abuse, education, and age) variables on risk for homelessness. No extant work attempts to provide a model incorporating both perspectives, either in the general U.S. homeless population or in homeless veterans (Tsai & Rosenheck, 2015) . However, a substantial literature in the individual vulnerability perspective has examined the influence of potential risk factors on homelessness particularly in the veteran population. The most informative of these studies was conducted by Rosenheck and Fontana (1996) who retrospectively explored vulnerability to homelessness among veterans of the Vietnam conflict generation. They analyzed data from the larger Vietnam Veterans Readjustment Study, examining 18 predictors in various domains (e.g., age, race, childhood psychiatric treatment, and combat exposure). Significant unadjusted risk ratios were found for 16 predictors, with risk ratios ranging from 1.5 (adult nonmilitary trauma) to 6.5 (psychiatric treatment as a child). Structural equation modeling analyses, however, revealed that psychiatric disorder as an adult, substance abuse, and social isolation had substantial direct effects on risk for homelessness. Indirect and smaller effects were found for several other variables (e.g., childhood conduct disorder on substance abuse and combat exposure to psychiatric disorder). Subsequent studies have provided some evidence that social isolation, adverse childhood experiences, and past incarceration may elevate risk (Tsai & Rosenheck, 2015) Despite the size and older age of the homeless veteran population, only a few studies have examined mortality in homeless veterans. Kasprow and Rosenheck (2000) retrospectively examined mortality in homeless and non-homeless veterans who had been treated in the Department of Veterans Affairs (VA) specialized mental health programs. Mortality rates were compared with the reported rates for the general U.S. population. Standardized mortality rates for both veteran groups were significantly higher than for the general population, and the rate for the homeless veteran group was significantly higher than that for the non-homeless group. Not surprisingly, increase in risk for homeless veterans was greatest in the oldest age-groups.
In another retrospective analysis, Birgenheir, Lai, and Kilbourne (2013) examined trends in mortality from 2000 through 2009 among veterans categorized by severe mental illness (SMI) status and the use of VA homeless services. Homeless veterans died younger than non-homeless veterans; years of potential life lost ranged from 18.9 to 24.3 over the study period. Serious mental illness was found to increase the years of life lost in both homeless categories; however, homelessness was a contributor to the years lost above and beyond serious mental illness. LePage, Bradshaw, Cipher, Crawford, and Hoosyhar (2014) examined health care service use and mortality for 102,034 veterans receiving care from the VA North Texas Health Care System in 2010. Homeless veterans comprised 2.1% of the cohort. Medical care and outcomes were analyzed in the following fiscal year. Homeless veterans were found to have a 32.3% increase in all-cause mortality. Higher all-cause mortality was found even after controlling for age, race, gender, SMI, substance abuse, and medical disease comorbidity (adjusted risk ratio = 1.23).
An important consideration in the examination of homeless mortality rates in veterans is the fact that over 20% of homeless veterans are aged 55 or older. This subgroup would be expected to be especially vulnerable to chronic disorders and early death. To date, a single study has examined mortality risk in older homeless veterans. Schinka, Bossarte, Curtiss, Lapcevic, and Casey (2015) conducted a retrospective analysis of mortality rates in 4,775 older homeless and 20,071 non-homeless veterans. Survival functions and causes of death of the two groups over an 11-year follow-up period were compared. Substantially more homeless veterans (35%) died than did non-homeless (18%). Homeless veterans were approximately 2.5 years younger at the time of death than non-homeless veterans. The lowest survival rate (58%) was found in homeless veterans aged 60 and older. Death by suicide was rare but occurred approximately twice as frequently in the homeless sample (0.4%) as in the control sample (0.2%).
In summary, studies of homeless veterans are consistent in suggesting early mortality, even after adjustment for the presence of other variables known to contribute to early death in veterans. Older homeless veterans appear to be at especially increased risk for early death. In this study, we conducted an examination of mortality in relation to characteristics of older homeless veterans. In the absence of a model of homelessness and mortality risk in older veterans, our approach was exploratory and aimed at identifying risk predictive for early death.
Method
Data for this study, which were approved by an institutional review board, were extracted from the records provided by the VA Northeast Program Evaluation Center (NEPEC) and the Epidemiology Program of the VA Office of Public Health. NEPEC data consisted of the administrative records of all veterans aged 55 years and older who were admitted into VA transitional homeless programs in calendar years 2000-2003 and had program entry data as recorded on Form X. The transitional homeless program provides grants to community providers nationally to acquire and/or renovate housing facilities for homeless veterans and also funds for supportive services such as substance abuse treatment and vocational skills training. The program provides housing for a period up to 2 years and is designed as a transitional rehabilitation program leading to permanent housing. Form X is a structured interview that was administered by program staff to veterans entering these homeless programs in 2000-2003 to capture administrative data for intervention and program planning. This sample included 3,620 veterans.
Form X contains 60 interview questions in 10 domains (e.g., sociodemographic, psychosocial, health, housing, alcohol and substance abuse, and employment). Fifteen Form X variables from six domains (demographics, health, psychiatric condition, alcohol and substance abuse, employment, and housing) were selected to represent constructs found to be potent in previous risk studies for homelessness. Two of these variables, age and number of medical disorders, were continuous. Age was dichotomized at 60 years based on substantially increased mortality risk at this age (Schinka, Bossarte, Curtiss, Lapcevic, & Casey, 2015) in homeless veterans. Number of medical disorders was calculated as the total number of positive responses to 12 disorders (e.g., hypertension, liver disease, and chronic obstructive pulmonary disease/emphysema). All other variables were dichotomous in nature as captured in Form X (e.g., positive/negative for history of hospitalization for alcohol abuse and presence of a serious health issue). These variables were used to describe the sample and serve as predictors of survival. The Epidemiology Program provided mortality data obtained from the National Death Index maintained by the Centers for Disease Control for the years 2000-2011. In these analyses, only survival status and date of death variables were used. Records from the two data sources were merged on the basis of social security number and date of birth. There were no discrepancies in date of birth for any matches based on social security number.
Descriptive statistics for the total sample and for deceased and surviving veterans were calculated for demographic characteristics and all predictor variables. In order to determine the most important predictors and estimate hazard functions, Cox proportional hazards regression analysis was conducted using a forward stepwise procedure for entry of predictors into the regression equation, with the Wald statistic as the criterion. Survival table analyses were conducted to estimate and plot cumulative survival functions. Following a procedure described by Huynh, Rovner, and Rich (2006) , a risk score based on the results of the Cox analysis was calculated for each veteran and the impact of the risk score on survival was examined. Statistical analyses were conducted with SPSS (version 22).
Results
The 3,620 homeless veterans in the sample ranged in age from 55 to 74 years and had a mean age of 59.12 ± 4.31 at the time of entry (date of program admission) into the study. Almost all were not married (94.4). Over one third (35.3%) of the sample died in the follow-up period; the mean age at death was 65.03 ± 5.46. The mean number of survival months for deceased veterans was 59.14 ± 32.14; for surviving veterans, the mean number of months to censoring was 113.55 ± 12.2. For the continuous predictor variable of the number of medical disorders, the entire sample reported 2.18 ± 2.00 medical disorders; deceased veterans had a significantly higher number of medical disorders (2.43 ± 1.86) than did surviving veterans (2.04 ± 1.73; t for unequal variances = 6.19, df = 2,462, p < .001). Table 1 provides descriptive statistics for the 14 categorical predictor variables of the entire sample and separately for deceased and surviving veterans. The single continuous variable (number of medical disorders) and the 14 categorical variables were entered as predictors in the proportional hazards regression analysis. The assumption of proportional hazards over time between the classes composing each categorical predictor variable was examined through log(-log) plots of each categorical predictor's class survival function and found to be tenable in all cases. Examination of variance inflation factor values for all predictors revealed no indications of multicollinearity. The final solution for the regression analysis was a model containing eight predictor variables. Table 2 presents the results of the regression analysis, showing the variable entering at each sequential step and the model statistics, including adjusted hazard ratios (HRs) at that step. Five variables (presence of a serious health issue, history of hospitalization for alcohol abuse, alcohol dependency, unemployment for 3 years or more, and age 60+) were associated with increased risk of death, with HRs ranging from 1.13 to 1.32. Three variables (non-White, drug dependency, and dental problems) were associated with reduced risk, with HRs ranging from .62 to .84.
To create a risk score, each of the eight variables in the regression model was unit weighted (+1 for variables with HRs >1 and −1 for variables with HRs <1), and a total risk score was calculated by summing the eight variable weights. The possible range of scores was −3 to 5. The risk score distribution for the entire sample was normal with a mean of 1.50 ± 1.44. Examination of the relationships among the variables contributing to the risk score revealed a low level of interrelationship (α = .348, all variable squared multiple correlations < .30), indicating that each was an independent contributor to the risk score. Based on the risk score, the full sample was categorized into three groups: reduced risk (risk score less than 0, N = 522), low risk (risk score of 0-2, N = 2,466), and high risk (risk score greater than 2, N = 632). Contingency table analysis showed a significant difference among the groups (χ 2 = 159.13, df = 2, p < .001) in the proportion of those dying (reduced risk, 17.8%; low risk, 34.4%; and high risk, 53.2%). Figure 1 presents the survival functions for the three groups. Overall, there was a significant difference in the survival functions of the three groups (Wilcoxon = 162.49, df = 2, p < .001). In addition, all pairwise comparisons of the functions of the groups revealed significant differences (p < .001). There was also a significant difference (log rank χ 2 = 166.66, df = 1, p < .001) in mean survival times in months for the three groups (reduced risk = 128.20 
Discussion
The primary analysis in this study identified eight predictors of mortality in older homeless veterans. Five of these variables were associated with increased risk of death (presence of a serious health issue, history of hospitalization for alcohol abuse, alcohol dependency, unemployment for 3 years or more, and age 60+). The most significant of the risk variables was unemployment for 3 years or more.
There is an extant literature on the study of unemployment and its association with health and mortality (e.g., Lundin, Lundberg, Hallsten, Ottosson, & Hemmingsson, 2010) , much of which has focused on untangling the coping (unemployment produces adverse changes in health) versus "health vulnerability" (preexisting health conditions and behaviors lead to unemployment) hypotheses. An informative study by Martikainen, Maki, and Jantti (2007) found a hazard ratio for all-cause mortality of 1.30 following unemployment after adjustment for psychiatric diagnosis, education and income, habit abuse, and socioeconomic factors, suggesting that unemployment does have adverse affect on health beyond those explained by vulnerability factors. Homelessness in veterans is associated with a large number of associated conditions, such as mental illness and substance abuse, associated with unemployment. In this study, unemployment may have served as a proxy for the effect of several other measured and unmeasured factors. This finding is consistent with the report by Kasprow and Rosenheck (2000) on reduced risk of mortality for homeless veterans who were employed. Growing epidemiological evidence indicates that moderate alcohol consumption is associated with reduced total mortality among middle-aged and older adults (Holahan et al., 2010) , but the association of chronic alcoholism and mortality is well documented (Rehm et al., 2014) . A recent study has shown at-risk drinking to be associated with a modest estimated HR of 1.2 (Moore et al., 2006) . Both of our alcohol use-related variables were found to have similar HRs. As anticipated, serious health issues and age contributed to the risk of death, consistent with regularly reported national mortality statistics (Kochanek, Murphy, Xu, & Arias, 2014 ).
An apparent paradox in the findings was that three variables were associated with reduced risk of mortality: nonWhite status, drug dependence, and dental problems. In the general homeless population, nonfluency has been found to substantially reduce the risk of death (Hwang et al., 1998) . The finding of reduced risk for non-White homeless veterans was also reported by Kasprow and Rosenheck (2000) . Previous studies of minorities in VA homeless programs have found better social adjustment in minority homeless veterans relative to nonminorities (e.g., Rosenheck & Seibyl, 1998) . On this basis, Kasprow and Rosenheck (2000) hypothesized that this reduced risk might be attributable to the greater prevalence of poverty in minorities, therefore making homelessness a more normative condition. This proposal suggests that homelessness has less impact on cumulative vulnerability in minorities because of higher levels of existing vulnerability. It is also likely that both VA and non-VA services, including access to health care, are more readily available in impoverished locales. This latter hypothesis might also apply to homeless veterans with drug dependence who are more likely to locate in impoverished neighborhoods where there is easier access to drugs. An alternative hypothesis, with some support in the literature (Levine & Crimmins, 2014) , is that the result reflects a selection effect in that non-White drug users who survive to age 60 are "hardier" than their White counterparts, because they've faced greater mortality burdens to reach the cohort. A previous study (Nunez, Gibson, Jones, & Schinka 2013) showed that homeless veterans receiving dental care as part of homeless services had significantly improved housing and employment outcomes. This result was attributed to the direct effect of dental care (e.g., improved nutrition and appearance and reduced pain) and the indirect effect that veterans stayed in the intervention longer to receive dental care, thereby promoting greater exposure to other therapeutic and training modalities.
Although the analyses revealed several significant predictors of increased and decreased risk for mortality, the HRs were unquestionably modest in magnitude. In order to examine the cumulative impact of these risk factors, we used a procedure previously employed in the prediction of mortality for patients with heart failure (Huynh, Rovner, & Rich, 2006) . We treated the risk factor as unit-weighted items in a scale to determine a total risk score. Use of this total risk score in our population was validated by the finding of significantly increased mortality with increasingly higher scores. However, an ROC analysis revealed that the index had limited diagnostic utility and would therefore not be applicable in individual cases. Thus, pending further study, the value of the risk scale may be limited to the identification of groups of homeless veterans who may require greater tracking and follow-up. A similar instrument, the Vulnerability Index (Endhomelessness.org, 2015) , is based on a total risk score based solely on the presence of chronic diseases. It has been used fairly extensively throughout the United States by organizations such as Common Ground; however, the validity and diagnostic utility of the instrument has not been established.
Finally, our findings are consistent with reports in the general homeless population that alcohol abuse is a risk factors for early mortality. In contrast to findings with the general homeless population, however, we did not find that psychiatric disorder or history of psychiatric hospitalization was predictive of death. We did discover other risk factors in domains such as employment history and race. Our results suggest that studies of mortality risk in the general population would be more informative if they extended the scope of predictors to include domains such as employment history, education, race, and health behaviors.
This study had several strengths. To our knowledge, it is the first to look at predictors of mortality in older homeless veterans. The size of the cohort is large; we analyzed data on over 3,000 older homeless veterans, thus providing sufficient power for the multivariate analyses. The availability of NEPEC data allowed us to examine a large number of potential predictors in several domains, and the use of National Death Index data allowed us to determine death reliably. However, our analyses were not without limitations. Predictor data were obtained from interviews and not from medical records. Our findings are based on veterans who entered VA homeless intervention programs. An unknown number of homeless veterans enter community-based homeless programs outside of the VA program or never enter homeless programs at all. There do not appear to be any databases that allow identification of these veterans.
Our previous work and these analyses underline the jeopardy faced by older homeless veterans in terms of early death. In this study, we were able to identify several variables that were associated with mortality. More importantly, we were able to show that a risk score based on status for these variables was significantly related to survival. Use of this risk score may allow identification of older homeless veteran at increased risk for death and at greatest need for intervention. Based on these analyses, calibrated use of both VA and Medicare resources may help to prolong life expectancy for these veterans.
